Cytokinin has been reported to mimic some of the effects of light on de-etiolation responses in dark-grown Arabidopsis seedlings. The interaction between cytokinin and light was examined by analyzing cytokinin dose and light fluence effects on hypocotyl elongation i n wild-type and mutant Arabidopsis seedlings with defects in light or hormone responses. It was found that (a) cytokinin and light-response systems have independent and additive effects on the inhibition of hypocotyl elongation and (b) either cytokinin or light can saturate the morphogenic responses. As a consequence, cytokinin has no effect on hypocotyl elongation under normal growth conditions because light levels saturate the hypocotyl inhibition response.
Cytokinin has been reported to mimic some of the effects of light on de-etiolation responses in dark-grown Arabidopsis seedlings. The interaction between cytokinin and light was examined by analyzing cytokinin dose and light fluence effects on hypocotyl elongation i n wild-type and mutant Arabidopsis seedlings with defects in light or hormone responses. It was found that (a) cytokinin and light-response systems have independent and additive effects on the inhibition of hypocotyl elongation and (b) either cytokinin or light can saturate the morphogenic responses. As a consequence, cytokinin has no effect on hypocotyl elongation under normal growth conditions because light levels saturate the hypocotyl inhibition response.
To determine whether a functional light-response pathway is required for cytokinin responses, light-insensitive long hypocotyl (hy) mutants were tested for cytokinin responses. The hy mutants ( h y l t o hy6) had normal cytokinin responses, except phyB-1 (hy3-1), in which hypocotyl elongation was insensitive t o cytokinin. Cytokinin insensitivity in phyB-1 was attributed to an indirect effect of the mutation on cytokinin responses. The effects of cytokinin on the inhibition of hypocotyl elongation are largely mediated by ethylene, and blocking the ethylene-response pathway through the action of a cytokinin-resistant, ethylene-insensitive mutant (ckrl/einZ) had no effect on the light inhibition of hypocotyl elongation. These results do not support the idea that cytokinin mediates the action of light on hypocotyl elongation.
Although cytokinin is noted for a variety of effects on plant growth and development (Davies, 1987) , cytokinin is frequently associated with the action of light. The interaction between cytokinin and light responses was first reported by Miller (1956) , who found that cytokinin (kinetin) in the dark could elicit several responses that were induced by red Iight, such as leaf disc expansion in bean and seed germination in lettuce. Other investigators have described the interaction between light and cytokinin responses in the context of processes such as betacyanin synthesis (Koehler, 1972) , anthocyanin accumulation (Kasemir and Mohr, 1982) , hypocotyl elongation (Cohen et al., 1991) , chloroplast development, and gene expression (Feierabend and de Boer, 1978; Tobin, 1986, 1988; Longo et al., 1990; Abdelghani et al., 1991; Reski et al., 1991; Smart et al., 1991; Smigocki, 1991; Kusnetov et al., 1994) . However, it is not known at what leve1 cytokinin and light responses interact.
Light responses in seedlings are mediated by a number of different photoreceptor systems (Smith and Whitelam, 1990; McCormac et al., 1993) . The components of these systems have been identified largely through the analysis of photomorphogenic mutants in Arabidopsis that affect light responses such as hypocotyl elongation. One group of mutants, the hy and blue light (blu) mutants, are insensitive to light (Koornneef et al., 1980; Liscum and Hangarter, 1993) , and a number of genes represented by the mutants have been cloned recently. HY1, HY2, and HY6 appear to mediate the biosynthesis or attachment of the chromophore to phytochrome (Parks and Quail, 1991) ; PHYB (HY3) encodes a B-type phytochrome (PHYB), a red-light photoreceptor (Somers et al., 1991; Reed et al., 1993) ; HY4 encodes a blue-light photoreceptor (Ahmad and Cashmore, 1993 ); HY5 appears to be involved in both red and far-red responses (Koornneef et al., 1980; Chory et al., 1989b; Chory, 1992) ; and PHYA (HY8) encodes an A-type phytochrome (PHYA), a far-red light photoreceptor (Parks and Quail, 1993) .
Another group of Arabidopsis mutants has been identified showing constitutive light responses, such as the det (Chory et al., 1989a (Chory et al., , 1991b and the cop mutants (Deng et al., 1991; Hou et al., 1993) . Genetic analysis of various hy, det, and cop double mutants revealed that detl, det2, and several of the cop mutants are epistatic to the entire group of light-insensitive ky mutants, with the exception of ky5 (Chory, 1993; Deng, 1994) . On that basis, the photoreceptor pathways represented by the HY genes appear to converge on the DET and COP genes that act downstream to suppress photomorphogenic development in the absence of light. Chory et al. (1994) noted that cytokinin can mimic some of the de-etiolation effects of light and produce a det mutant phenocopy in wild-type seedlings. Treating darkgrown seedlings with cytokinin overrides the requirement of light for leaf and chloroplast development, light-induced gene expression, and inhibition of hypocotyl elongation. On that basis, it has been proposed that cytokinin might be involved in light responses and that DET genes, which repress light development in the dark, might (a) negatively regulate cytokinin signal transduction, (b) suppress cytokinin biosynthesis, or (c) enhance the formation of cytokinin conjugates. However, no significant difference in cyto-Plant Physiol. Vol. 108, 1995 kinin levels was found when wild type and del mutants were compared (Chory et al., 1994) . Gary et al. (1995) found that the effects of cytokinin on hypocotyl elongation in Arabidopsis are mediated largely by ethylene. Ethylene inhibitors block most of the inhibitory effects of cytokinin on hypocotyl elongation. The action of cytokinin is coupled to ethylene responses because cytokinin stimulates the production of ethylene in Arabidopsis seedlings even at submicromolar cytokinin concentrations. The finding that cytokinin and ethylene responses are coupled was further reinforced by the discovery that the cytokinin-resistant mutant ckrl (Su and Howell, 1992 ) is allelic to an ethylene pathway mutant, ein2 (Gary et al., 1995) . In this report, these mutants are referred to as ckrl/ ein2 mutants.
We describe here how the cytokinin and light interact to inhibit hypocotyl elongation in Arabidopsis seedlings. We found that light and cytokinin have independent and additive effects on the inhibition of hypocotyl elongation. The independent and additive effects of cytokinin and light reflect the independent and additive effects of ethylene and light because the action of cytokinin and ethylene are coupled.
MATERIALS AND METHODS

Plant Materials and Growth Conditions
Cytokinin-resistant mutants of the Arabidopsis thaliana Columbia ecotype were isolated as described by Su and Howell (1992) . The ckrl-W9 line used in this study was recovered from two backcrosses of the mutant to wild-type plants. /!i/ mutants in the Landsberg ecotype were obtained from the Arabidopsis Biological Resource Center at The Ohio State University, and the phyB-l mutant used in this study was the /n/3-8064 allele, isolated by Koornneef et al. (1980) . Sterile seedlings were grown on a mineral nutrient medium (Lincoln et al., 1990) , and cytokinin (BA) was added to the medium after autoclaving. Seeds were surface sterilized for 1 min in 70% ethanol and for 15 min in 30% (v/v) bleach, 0.01% Triton X-100 with periodic agitation, and then rinsed three times with sterile, deionized water.
To study dark and other specific light responses, sterile ckrl-109 mutant and wild-type seeds were sown on mineral nutrient agar medium in Petri dishes. The plates were then incubated in the dark for 2 to 3 d at 4°C before they were exposed to red light (100 |u,E m~2 s~') for 2 min or to white light (30 nE m 2 s" ') for 4 h to induce germination. The plates were transferred to different light conditions at 21 °C. Hypocotyl lengths were determined after 4 d of growth, and at least 20 seedlings were measured for each treatment. Data are presented as the mean ± so.
Red-light conditions for germination were obtained by exposing seeds to light from a 150-W Sylvania floodlight bulb through a Carolina Biological Supply (Burlington, NO 545 red-light filter. To examine the effects of light quality on hypocotyl elongation, seedlings were exposed to continuous blue, red, and far-red light by filtering white light through the appropriate Carolina Biological Supply filters. Photon fluence responses were analyzed by exposing seedlings to light (35 p.E m 2 s ') from high-output, cool-white fluorescent lamps attenuated to various levels by screen filters. Fluence rates were measured with a LiCor (Lincoln, NE) 185B radiometer.
RESULTS
Similarity between the Effects of Light and Cytokinin on Seedling Development
It has been argued that cytokinins produce growth effects in dark-grown Arabidopsis seedlings that are similar to those found in light-grown or del mutant seedlings (Chory et al., 1994) . Dark-grown seedlings have long hypocotyls, lack apical hooks, and have cotyledons that are neither expanded nor opened ( (Fig. 1) .
The similarities between the effects of light and cytokinin could be explained if light and cytokinin shared common signaling pathways. To explore this possibility, we studied the interaction between light and cytokinin on hypocotyl elongation. Three simple relationships were tested: (a) light and cytokinin act independently, (b) cytokinin acts through the light-response pathway, or (c) light acts through the cytokinin-response pathway.
Effects of Light and Cytokinin on Hypocotyl Elongation
Are Additive
To test whether the effects of light and cytokinin are independent and additive, the simultaneous effects of both cytokinin dose and photon fluence rate on hypocotyl length were determined in wild-type seedlings (Fig. 2) . A three-dimensional plot of hypocotyl length versus BA dose and photon fluence rate shows an additive (or independent) and not a multiplicative (or interactive) relationship between cytokinin and light. In a multiplicative (or interactive) relationship, the surface of the curve in the threedimensional plot would form a valley or trough following a minimum along which the product of light and cytokinin is the greatest. Thus, cytokinin and light, at subsaturating levels, contribute additively to the inhibition of hypocotyl elongation, as they do to some other responses (Ford et al., 1981; Kochhar et al., 1981; Kasemir and Mohr, 1982) . If light and cytokinin act independently and additively to inhibit hypocotyl elongation, and if the inhibition of hypocotyl elongation is a saturable response, then at saturating light levels, light should mask cytokinin responses. In the dark, increasing doses of BA clearly inhibited hypocotyl elongation, and maximum inhibition was reached at about 25 to 50 ^M BA (Fig. 3) . In the light, even at relatively low photon fluence levels (7 ju,E m 2 s '), cytokinin had almost no effect on hypocotyl elongation because nearmaximum inhibition of hypocotyl elongation occurred at these light levels ( Fig. 3 and right front vertical face on the curve in Fig. 2) . Thus, even low light levels can mask the effects of cytokinin on hypocotyl elongation. Likewise, high cytokinin levels mask light responses. At high concentrations of cytokinin (50 JJLM BA), light had no effect at all on hypocotyl elongation (left front vertical face on the curve in Fig. 2 ).
Effects of Cytokinin Do Not Require a Functional Light-Response Pathway
To determine whether the action of cytokinin on hypocotyl elongation requires a functional light-signaling system, we examined the cytokinin dose responses for various light-insensitive or hy mutants (hyl to hy6). All of the mutants except phi/B-l (hi/3-1) had normal cytokinin dose responses (Fig. 4) . Hypocotyl elongation in p/n/B-1 (hy3-l) was clearly less sensitive to moderate levels of cytokinin (<5 /LIM BA). (Note that relative hypocotyl length has been plotted against BA concentration for the various mutants, normalizing for differences in the absence of exogenous cytokinin.) The mutant most relevant to the question of whether a functional light-signaling system is required for cytokinin action was hy5-l. //J/5-1 is the only mutant in the group of light-insensitive (hy) mutants that appears to act downstream in the light-signaling pathway (Chory, 1992 wild type, indicating that the light-signaling system, down to a point in the pathway where ky5 acts, is not required for cytokinin action. The remaining hy mutants represent photoreceptor defects. Because the hy mutants have a variety of photoreceptor defects, the experiment showed that neither functional phytochrome nor blue-light photoreceptors are needed for the cytokinin response (Chory, 1993) . However, the cytokinin resistance in pkyB-1 might be construed to represent a direct involvement of the PHYB apoprotein in cytokinin responses. We think it is less probable that PHYB is directly involved in general cytokinin responses because the cytokinin response pathway in the roots of phyB-1 is normal, i.e. the roots of pkyB-1 are just as sensitive to exogenous cytokinin as the roots of wild-type seedlings (Fig. 5 ) .
Light Responses in the ckrl Mutant Are Normal
In the preceding section it was determined whether a functional light-response pathway was required for cytokinin inhibition of hypocotyl elongation. Since there are fewer tools available to block cytokinin responses, it is more difficult to determine whether a functional cytokinin response pathway is required for light to inhibit hypocotyl elongation. However, because the effects of cytokinin on hypocotyl inhibition are largely coupled to ethylene responses (Cary et al., 1995) , it is possible to block much of the action of cytokinin by interfering with ethylene responses. The cytokinin-resistant mutant of Arabidopsis described by Su and Howell (1992) can be used to interfere with the effects of cytokinin on hypocotyl elongation by virtue of its insensitivity to ethylene (Cary et al., 1995) . The effects of cytokinin on hypocotyl elongation are largely mediated by ethylene because cytokinin stimulates the production of growth-inhibiting levels of ethylene. Furthermore, it has been shown that ckrl is allelic to the ethylene insensitive ein2 mutant (Cary et al., 1995) .
Because the defects in ckvl /ein2 mutants interfere with the effects of cytokinin on hypocotyl elongation, albeit by obstructing ethylene responses, we determined whether the defects in ckrl /ein2 also interfered with light responses.
It is interesting that higher photon fluence rates were required in the standard allele, ckvl-109, to inhibit hypocotyl elongation (Fig. 6A) . That is, higher photon fluence rates were required to obtain mutant seedlings with hypocotyls of comparable length to those of wild-type seedlings. However, the difference in hypocotyl lengths between ckrl-W9 and the wild type was not a light effect, because these differences in hypocotyl length were also observed in the dark. It appears that the differences in hypocotyl length between dark-grown ckrl-109 and wild-type seedlings result from the inhibition in ethylene responses because similar effects are observed in dark-grown seedlings treated with ethylene inhibitors. Seedlings treated with aminoethoxyvinylglycine or silver ions also have longer hypocotyls than untreated seedlings (Gary et al., 1995) . If the photon fluence rate response curves for ckrl-109 are normalized to account for the difference in hypocotyl lengths in the dark (Fig. 6B) , then the photon fluence rate requirements for the inhibition of hypocotyl elongation in ckrl-109 are similar to those in wild type. Therefore, we conclude that coupled cytokinin-ethylene responses do not mediate the action of light on hypocotyl elongation. Light signals from the various photoreceptors converge on a pathway that leads to the hypocotyl response (Chory, 1993; Deng, 1994) ; therefore, we wanted to determine if any of the different photoreceptor systems depend on the function of coupled cytokinin-ethylene responses. We compared the spectral responses of hypocotyls in ckrl-109 and wild-type seedlings. We found that the difference between wild-type and mutant responses were comparable at subsaturating photon fluence levels of continuous blue, red, and far-red light and, as before, were similar to the differences seen between the wild type and mutant in the dark (Fig. 7) . Therefore, we conclude that the different photoreceptor systems are unaffected by defects in the coupled cytokinin-ethylene responses in ckrl-109.
Effects of Light and Ethylene Are Additive and Independent
Because the effects of cytokinin on the inhibition of hypocotyl elongation are largely coupled to the action of ethylene (Gary et al., 1995) , we asked, accordingly, whether the effects of cytokinin and light reflected the effect of ethylene and light on hypocotyl elongation. Using an approach similar to that employed above, we measured hypocotyl growth in response to various photon fluence rates and ethylene levels (by supplying various concentrations of the ethylene precursor ACC) and expressed the results in a three-dimensional plot (Fig. 8) . Like that between cytokinin and light, we found a largely additive relationship between ACC levels and light. In addition, we observed similar saturation effects; i.e. at high photon fluence rates, ACC had no effect on hypocotyl elongation, and at high ACC levels, light had no effect. Thus, the independent and additive effects of cytokinin and light on hypocotyl elongation could be accounted for by the similar interaction between ethylene and light.
DISCUSSION
We have shown here that the effects of cytokinin and light on hypocotyl elongation in Arabidopsis seedlings are independent and additive. The way in which cytokinin and light interact is an issue because cytokinin mimics some of the effects of light on de-etiolation in seedlings. Chory et al. (1991a) noted that cytokinin produces a phenocopy of the del mutants and proposed that the det mutations might affect the biosynthesis, metabolism, or response to cytokinin. However, the possibility that the det mutations might affect the biosynthesis of cytokinins was largely discounted by their findings that cytokinin levels were not elevated in det mutants (Chory et al., 1994) . We have addressed the remaining issue, that is, whether light and cytokinin use common response pathways, at least within the context of hypocotyl elongation in Arabidopsis. Our findings indicate that cytokinin and light act independently. Light responses affecting hypocotyls can be blocked through the action of hy mutations, such as the pathway mutation In/5, without impeding cytokinin responses. Likewise, coupled cytokinin-ethylene responses can be blocked through the action www.plantphysiol.org on November 11, 2017 -Published by Downloaded from Copyright © 1995 American Society of Plant Biologists. All rights reserved. Plant Physiol. Vol. 108, 1995 of the ckrl/ein2 mutation without effects on light responses. The inhibition of hypocotyl elongation in Arabidopsis is a saturable response, and an implication of the independent and additive nature of cytokinin and light action is that at saturating light levels, light can mask the effects of cytokinin. Likewise, at saturating cytokinin concentrations, cytokinin can mask the effects of light. Under standard growth conditions, exogenous cytokinin has no apparent effect on hypocotyl elongation, because under these conditions light fluence levels are saturating. The light effect has an impact on the search for cytokinin mutants because many of the effects of exogenous cytokinin, including the inhibition of hypocotyl elongation, cannot be detected under standard lighting conditions used for growing Arabidopsis.
ckrl /ein2 mutants of Arabidopsis, such as ckrl-109, were isolated by screening light-grown seedlings for resistance to the inhibitory effects of low exogenous cytokinin levels on root growth (Su and Howell, 1992) . Root growth was the best indicator of cytokinin effects in light-grown Arabidopsis seedlings, because light masks most other cytokinin responses. Although ckrl-109 was resistant to the growthinhibitory effects of cytokinin, the mutation had only modest effects on growth in the light in the absence of exogenous cytokinin (Su and Howell, 1992) .
Recently, we have found that severa1 cytokinin effects on seedling development, such as hypocotyl elongation, are mediated largely by ethylene (Cary et al., 1995) . The addition of cytokinin to Arabidopsis seedlings stimulates the production of sufficient quantities of ethylene to account for most of the effects of cytokinin on hypocotyl and root elongation. In addition, ckrl-109 was found to be allelic to the ethylene-insensitive mutant ein2-1 (Cary et al., 1995) . Therefore, the independent and additive effects of cytokinin and light on hypocotyl elongation might also be expected to reflect a similar relationship between ethylene and light. We have demonstrated that the effects of ethylene and light are additive and have saturation characteristics similar to those of the interaction between light and cytokinin.
We have also shown that neither light nor functional light-response pathways are needed for the effects of exogenous cytokinin on hypocotyl elongation. The light-insensitive ky mutants were used in these studies to interfere with light-signaling functions, and none of the ky mutants with the exception of hy3 (pkyB-1) had any effect on the hypocotyl cytokinin response. The ky mutants have been only modestly useful for this purpose, because with the exception of hy5, the ky mutants are photoreceptor mutants and do not block the light responses downstream (Chory, 1993 ). HY5 appears to act downstream and shows allelespecific interactions with COPl, another downstream component, suggesting that HY5 and COPl might physically interact (Ang and Deng, 1994) . We have found that the hy5 mutant does not interfere with the action of cytokinin on hypocotyl elongation, indicating that the light-response pathway up to the point of HY5 action is not required for the cytokinin response.
Among the ky mutants, only ky3-1 (pkyB-1) had an altered response to cytokinin. pkyB-1 hypocotyls were less sensitive to the inhibitory effects of cytokinin, although pkyB-1 roots responded normally. Despite its cytokinin insensitivity, it is unlikely that PHYB is a component of the cytokinin-signaling pathway. PHYB encodes an upstream component in the light-response pathway, the apoprotein of the red-light phytochrome receptor (Reed et al., 1993) . We think that the effect of the pkyB-1 mutation on the cytokinin response in the hypocotyl could be indirect. We have constructed double phyB-1 ckrl-109 mutants, and the mutations appear to have independent effects (W. Su, unpublished results). However, the results are somewhat difficult to interpret because the mutations are in different ecotype backgrounds, and the progeny segregate ecotype characters that affect other monitored cytokinin responses (other than inhibition of hypocotyl elongation). Nonetheless, an interesting possibility is that the Pr form of PHYB could have other physiological effects that do not relate directly to its role in light responses. For example, Liscum and Hangarter (1993) reported that the Pr form of PHYB is involved in regulating negative gravitropism in Arabidopsis. Chaudhury et al. (1993) used a similar double-mutant approach to investigate whether the effects of a cytokininoverproducing mutant, ampl, were phytochrome independent. They found that double ampllky2 mutants had an intermediate effect on hypocotyl elongation in the dark and reasoned that at least part of the phenotype of the cytokinin-overproducing mutant was independent of the control of functional phytochrome. Chaudhury et al. (1993) concluded that the ampl mutation produces a de-etiolated phenotype in dark-grown seedlings and proposed that ampl defines a new gene within the signal-transduction pathway of light perception. However, from our work, the argument that light and cytokinin have similar effects on hypocotyl elongation and other de-etiolation processes belies the fact that there are obvious differences between the effects of light and cytokinin, even on morphological grounds. The effects of cytokinin on hypocotyl elongation are mediated largely through ethylene, and ethylene stimulates the radial growth of hypocotyls. At a macroscopic scale, hypocotyls in cytokinin-treated seedlings are different from those in seedlings exposed to light (Corriveau and Krul, 1986) . Hypocotyls in cytokinin-treated seedlings are thicker and broader at the base than in light-grown seedlings, but similar to those in ethylene-treated seedlings (Guzmán and Ecker, 1990; Harpham et al., 1991) . At a microscopic level, the differences are even more profound. Radial growth stimulated by ethylene is accompanied by a massive reorientation of the cytoskeleton in hypocotyl cells (Steen and Chadwick, 1981; Lang et al., 1982; Roberts et al., 1985) . Furthermore, the stimulation of radial growth by ethylene is not thought to occur in addition to hypocotyl elongation, but rather at its expense. Therefore, even though light-and cytokinin-treated seedlings have short hypocotyls, they appear to arrive at that condition by very different means.
Why does it appear that cytokinin mimics the effect of light if ethylene mediates much of the cytokinin effects on processes such as hypocotyl elongation? The "triple response" produced by ethylene in seedlings is very diagnostic and should be easily distinguished from light effects (Guzmán and Ecker, 1990) . There appear to be a number of reasons why the ethylene effects of cytokinin have been largely overlooked even though they had been pointed out earlier by other investigators (Lieberman, 1979) . The effects of cytokinin on seedling growth are a composite of different responses reflecting not only the action of ethylene, but of cytokinin plus ethylene. Furthermore, the different effects of cytokinin have different dose dependencies, and, as a result, seedlings differ in morphology at different cytokinin concentrations. For example, seedlings grown in the presence of 1 FM BA look like ethylene-treated seedlings with a tight apical hook (Cary et al., 1995) , whereas seedlings grown in the presence of 20 to 50 PM BA have relaxed hooks and appear similar to det mutants, except that they have swollen hypocotyls (Fig. 1) . Thus, at high BA concentrations the more obvious ethylene effects are obscured, and other cytokinin effects emerge, particularly those that mimic the effects of light.
One of the more perplexing features about the ckul /ein2 mutants, as demonstrated by a standard allele, ckul-109, is that higher photon fluence rates were required in the mutant to obtain hypocotyl elongation rates that were comparable to those in wild type. One possible explanation for this is that in the dark, hypocotyls elongated more rapidly in ckul-109 seedlings than in wild-type seedlings. Thus, the apparent higher photon fluence rate requirement in the mutant reflects a defect in a process that is unrelated to light, i.e. a process that occurs in the dark. If hypocotyl length in dark-grown ckrl-109 is normalized to the length of hypocotyls in dark-grown, wild-type seedlings, then ckul-109 and wild type have identical photon fluence response curves. Another possible explanation for the higher photon fluence rate requirements in ckul-109 is that the defect in ckul-109 may actually influence a component of the light-response pathway that has both dark and light signaling functions.
With respect to other developmental responses, there is little agreement as to how cytokinin and light interact, i.e. whether the signaling pathways are independent and whether the responses are additive or multiplicative (Kasemir and Mohr, 1982; Tong et al., 1983) . The relationship between light and cytokinin may differ for other developmental responses, including other de-etiolation responses. For example, we have found that ethylene does not mediate the action of cytokinin on cotyledon enlargement in dark-grown Arabidopsis seedlings; rather, ethylene seems to inhibit cytokinin effects (A. Cary and M. Richberg, unpublished results) . Therefore, the interaction between cytokinin and light as they affect cotyledon enlargement may be different.
